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ABSTRACT 
 
Many bus drivers are exposed to health risks, due to repeated exposure to vibration and 
noise. Vibration arises when a body moves back and forth or oscillates due to internal and 
external forces then it can be transmitted to the human body such as leg and arms but most 
commonly through the buttocks while seated in the vehicle. The vibration energy can be 
passed through the part in contact with the vibrating surface like the seat of the mobile 
machine, vehicles on rough roads, or vibrating tools. Noise termed as unwanted or 
undesirable sound, which effects in our living and working environment. Noise levels can 
be affected by a number of variables, including elevation, terrain, distance from the source, 
and weather. In addition, noise level's decrease with distance from a noise source. The 
change in noise level depends on the type of terrain, as well as the type of source. Weather 
conditions alter both noise levels and the transmission of noise from a source to where it is 
received. This paper presents recent results from an investigation of vibrations and noise, 
which imposed on the bus driver from the road along Kuantan to Kuala Lumpur. The 
vibrations have been evaluated in accordance with the new standard ISO 2631-1:1997. 
Meanwhile, noise is compared with OSHA Permissible Noise Exposure. 20 subjects 
completed a questionnaire regarding their general health, and specifically whether they 
experienced low back pain and if so, the extent and severity of this pain. It was expected 
that the individuals subject to the highest vibration levels would tend to report LBP, with 
severity of pain increasing with the intensity of exposure. This study did not support that 
belief. However, it may be that chronic exposure to whole-body vibration is a stronger 
predictor than daily expose levels. In conclusion, bus drivers should pay particular attention 
to safety and security of the driver and where circumstances are particularly difficult use, 
two people operated buses and if needed stop for a short break before continue the journey. 
Therefore, it is required that more research should be conducted in various transportation 
sectors in Malaysia to emphasize the effect of whole-body vibrations and noise to the 
driver. 
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ABSTRAK 
 
Kebanyakan pemandu bas terdedah kepada risiko kesihatan, disebabkan oleh pendedahan 
yang berulang kali kepada getaran dan bunyi. Getaran terjadi apabila badan bergerak ke 
depan dan  ke belakang atau berayun yang disebabkan oleh tekanan dalaman dan luaran 
lalu dihantar kepada tubuh manusia seperti kaki dan lengan tetapi kebanyakannya melalui 
punggung ketika duduk di dalam kenderaan. Tenaga getaran boleh dipindahkan melalui 
bahagia yang bersentuh dengan permukaan bergetar seperti kerusi pada mesin mudah alih, 
kenderan di jalan kasar atau alat bergetar. Bunyi dikenali sebagai bunyi yang tidak diingini 
atau tidak dapat dikesan dalam kehidupan dan persekitaran kerja. Tahap bunyi boleh 
dipengaruhi oleh beberapa pembolehubah, termasuk ketinggian, ripa bumi, jarak dari 
sumber dan cuaca. Di samping itu, tahap kebisingan berkurangan dengan jarak dan punca 
bising. Perubahan dalam paras bunyi bergantung kepada jenis bentuk muka bumi serta jenis 
sumber. Keadaan cuaca mengubah kedua-dua tahap bunyi bising dan penghantataran bunyi 
bising daripada sumber yang diterima. Kertas kerja ini membentangkan keputusan dari 
kajian getaran dan bunyi yang diterima oleh pemandu bas sepanjang jalan Kuantan ke 
Kuala Lumpur. Getaran telah dinilai selaras dengan standard baru ISO 26311-1:1997. 
Sementara itu, bunyi dibezakan dengan “OSHA Permissible Noise Exposure”. 20 orang 
subjek telah dipilih secara rawak untuk mengisi soalan soal selidik mengenai kesihatan 
umum mereka, dan secara khusus sama ada mereka mengalami sakit belakang atau tidak. 
Jika ya, setakat manakah sakit itu. Dijangkakan individu yang terdedah kepada tahap 
getaran yang tertinggi akan cenderung untuk melaporkan sakit belakang dan kesakitan itu 
akan meningkat dengan pendedahan yang lama terhadap getaran. Namun, kajian ini tidak 
menyokong kenyataan tersebut. Ini mungkin terjadi kerana pendedahan dalam jangka masa 
panjang kepada getaran seluruh badan adalah sakit belakang yang lebih teruk berbanding 
dengan tahap pendedahan harian. Kesimpulannya, pemandu bas perlu memberi perhatian 
khusus kepada keselamatan diri dan untuk perjalanan yang jauh dua pemandu bas perlu ada 
bagi mengelakkan keletihan dan jika perlu berhenti seketika untuk bereahat sebelum 
meneruskan perjalanan. Oleh itu, lebih banyak penyelidikan perlu dijalankan dalam 
pelbagai sektor pengangkutan di Malaysia untuk menekankan kesan getaran seluruh tubuh 
dan bunyi terhadap pemandu. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 Introduction 
 
 Express bus has a very good system in Malaysia since it’s the easiest, cheapest and 
most popular way to travel between states in Malaysia. The express buses are modern and 
comfortable, service is frequent, and fares are low to moderate. Express buses in Malaysia 
are fast, economic and comfortable, and seats can be reserved. Today there are two types of 
bus are using in this country which is single bus and double-deck bus. 
 
1.2 Background of Study 
 
The purpose of the research is to find out the problem occurred to the bus driver 
because of the whole-body vibration and noise for bus driver and passenger they get along 
the road from the East to West Coast of Malaysia. At the end of this study, some 
recommendations to improve the problem will be laid down. 
 
Vibration arises when a body moves back and forth or oscillates due to internal and 
external forces then it can be transmitted to the human body such as leg and arms but most 
commonly through the buttocks while seated in the vehicle. The vibration energy can be 
passed through the part in contact with the vibrating surface like the seat of the mobile 
machine, vehicles on rough roads, or vibrating tools (Guide to good practice on Whole 
Body Vibrations).  
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Noise termed as unwanted or undesirable sound, which effects in our living and 
working environment. Noise levels can be affected by a number of variables, including 
elevation, terrain, distance from the source, and weather. In addition, noise level's decrease 
with distance from a noise source. The change in noise level depends on the type of terrain, 
as well as the type of source. Weather conditions alter both noise levels and the 
transmission of noise from a source to where it is received. 
 
1.3 Problem of Statement 
 
 From research that has been done on these topics, there are a lot of studies on 
Whole Body Vibrations and noise in various fields has been conducted since a long time 
ago. It is included all aspects about the Whole body Vibrations and noise. In Malaysia, 
most of the studies have been focusing in transportation, athletes and operators. For 
transportation, buses have been a lack study in Malaysia.  
 
Therefore, it is important to investigate the effect of whole-body vibrations and 
noise to the bus drivers. Since the public bus is the higher demands from the Malaysian 
people, and nowadays many report we get because of the accidents happen because of the 
public buses so the research on this topic is very important. The finding in whole-body 
vibrations and noise should be compared to the latest journal to find out the differences. 
 
1.4 Objective of Study 
 
 This study is going to conduct the human perception as well as quantitative 
measurement of WBV's for bus driver and also noise for bus driver and passenger and 
analysis the data by using design of Experiment. The objectives of this study are: 
 
a. To study the effect of WBV's to the bus driver. 
b. To study the effect of noise to the bus driver and passenger.  
c. To perform survey approach among the bus drivers in order to collect the 
relevant data for whole-body vibrations and noise assessment and perception 
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to the effect of whole-body vibrations and noise level at the working 
environment. 
d. To compare the findings of whole-body vibrations and noise to the bus 
driver and passenger with other previous studies in whole-body vibrations 
and noise 
 
1.5 Scopes of Study 
 
 The scopes of this study are: 
 
a. Conduct the human perception as well as quantitative measurement of 
WBV's for a bus driver 
b. Conduct the human perception as well as quantitative measurement of noise 
for bus driver and passenger. 
 
1.6 Significant of Study 
 
 The whole-body vibrations and noise study on the bus driver in Malaysia is a good 
step to assess the effect to the bus drivers for a long term period. From this research, it will 
help to reduce the problems occurs on the bus driver because of whole-body vibrations and 
noise. 
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CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
2.1 Introduction 
 
 In order to conduct a research, it is important to understand the concepts of the 
whole body vibrations (WBV) and noise and the factors that influence the WBV and noise. 
To more familiar with the concepts of WBV and noise, the previous studies in WBV and 
noise are been reviewed. This chapter is really will be helpful for the further study in this 
research. 
 
2.2 Whole Body Vibration (WBV) 
 
Many people say when something is move, that’s thing is vibrate. In these modern 
industrial environments which human used powered tools, machinery, vehicle and heavy 
equipment, yes it is right. As we know, vibration arise when a body moves back and forth 
or oscillates due to internal and external forces then it can be transmitted to the human body 
such as leg and arms but most commonly through the buttocks while seated in the vehicle. 
 
The vibration energy can be passed through the part in contact with the vibrating 
surface like the seat of the mobile machine, vehicles on rough roads, or vibrating tools. 
Vibration can be described in two ways which is whole body vibration which is where the 
vibration is transmitted to the body as a whole by its supporting surface like seat or floor 
and segmental which is where the vibration is transmitted to a specific segment of the body 
such as the hand/arm or foot/leg. 
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Griffin (2006) said that, we know that many persons experience back pain and that 
some of these are exposed to whole-body vibration. We know that in the population at 
large, occupational exposures to whole-body vibration are not the main cause of back 
problems and that ergonomic factor (e.g., lifting and twisting) and personal factors are 
often involved. We know vibration and shock can impose stresses that could supplement 
other stresses. We may claim to know that measurement methods and evaluation methods 
have been defined in which the frequencies, directions, and durations are weighted so as to 
predict the relative severity of different vibrations and indicate the magnitudes that might 
be hazardous.  
 
Besides that, Griffin (2006) continued said that what we do not know is that we are 
not able to predict the probability of any disorder from the severity of an exposure to 
whole-body vibration. We do not know whether there is any disorder specific to whole-
body vibration or what disorders are aggravated by exposure to whole-body vibration. We 
do not know the relative importance of vibration and other risk factors in the development 
of back disorders. 
 
 
 
Figure 2.1: Direction of WBV through the human body 
 
(Sources: Guide to good practice on Whole Body Vibrations) 
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The transmission of vibration to human body is dependent on their body posture and 
the effects of vibration to them. Exposure to whole body vibration will causes motions and 
forces within the human body that may cause discomfort, adversely affect performance, 
aggravate pre-existing back injuries and present a health and safety risk. Motion sickness 
can be occurring when our body exposed to a low frequency vibration. In order to obtain 
passenger satisfaction, vehicle manufacturers are continuous constantly seeking to improve 
vibration comfort. Many factors influence the transmission of vibration to and through the 
body (as indicate in Figure 2.2). 
 
 
 
Figure 2.2: Factors that influence the transmission of vibration to and through the body 
 
(Sources: Bad Vibration-A handbook on Whole Body exposures in Mining) 
 
Vibration 
Sources 
Rough Roads 
Vehicles Activities 
Engine Vibration 
Modifying 
Factors 
Condition of road and work surfaces 
Vehicle activity 
Vehicle age and conditions, suspension and maintenance 
Type and design vehicle 
Seat design, suspension and maintenance 
Vehicle speed, driver skills and awareness 
Task design and work organization 
Lighting and visibility 
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Poor roads and uneven work areas contribute significantly to rough rides and 
discomfort but they are not the only cause of acute injuries. A good road with a single, 
unexpected pothole can cause severe neck and back injuries in passengers if the vehicle is 
travelling at speed. On the other hand a poor travelling road can slow personnel transport 
and production and may cause long-term damage to drivers and passengers. The 
administrative problems of maintaining roads in a satisfactory condition are common to all 
mines. However, road maintenance is not always given the same priority and attention as 
production (Bad Vibration-A handbook on Whole Body Exposures in Mining, 2001). 
 
Bad Vibration-A handbook on Whole Body Exposures in Mining (2001) come out 
with principal problems with roads or work surfaces which are: 
 
a. Rough work areas such as those that are being cleaned up by a bulldozer or 
an LHD 
b. Secondary roads that are not maintained to the standard of the main 
travelling roads but which are used by vehicles such as LHDs underground 
and fitters’ vehicles in open-cuts 
c. Excessive water leading to rapid deterioration of road surfaces 
d. Poor road building and/or maintenance programs 
e. Unexpected potholes, soft spots or mud in otherwise good roads 
f. Poor road conditions that are not reported and corrected quickly 
 
The second factor that causes a vibration is old age vehicles which many older 
vehicles have little suspension. Sometimes poor suspension can exaggerate roughness 
especially if the engine bottoms out. Most suspension systems can reduce damaging 
vibration but they deteriorate over time especially in a rough mining environment. For 
instance, in a recent survey of four-wheel drive personnel transport and maintenance 
vehicles it was found that vehicle suspension and therefore ride roughness deteriorated 
markedly after 40,000km. Older vehicles were much rougher than the newer vehicles in 
terms of their vibration dose values. However, one of the newer vehicles gave a ride that 
was as rough as the older vehicles due to its stiff suspension, which was intended for 
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heavier loads. Planned vehicle maintenance schedules may not include assessment and/or 
overhauls of the suspension systems early enough (Bad Vibration-A handbook on Whole 
Body exposures in Mining, 2001). 
 
Principal problems with the age and condition of the vehicle and maintenance of 
suspension systems are (Bad Vibration-A handbook on Whole Body exposures in Mining, 
2001): 
 
a. Inadequately maintained vehicles are rougher 
b. The rough conditions experienced at mines means that suspension systems 
are likely to deteriorate quickly 
c. Maintenance programs need to encompass frequent assessment and overhaul 
of suspension systems 
d. Older vehicles tend to be rougher than newer vehicles of the same make and 
model  
 
Griffin in 1990 suggested that a seated person may be exposed to both whole-body 
and local vibration of the head example from head or neck rest, the hands example on a 
steering wheel and the feet example on the floor or pedal. Complaints about seats are the 
higher comments come from the driver. Because of the complaints, much effort has gone 
into seat design and to reducing vibration. However, complaints about seats are still 
common.  
 
McPhee (2001) said that this could be related to incorrect installation and 
adjustment; inadequate maintenance; poor design; or lack of adjustability for particular 
individuals especially those with back or neck pain. Sometimes there is inadequate space in 
the cab, which does not allow correct adjustment of the seat. Risks of neck and back injury 
for driver are increased significantly under these circumstances. Suspension seats can help 
but do not completely solve the problem. When seats are not maintained or replaced on a 
regular basis they can add to vibration problems because seats suspension systems 
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deteriorate over time. Seats that bottom out or that cannot be adjusted adequately for all 
users may cause serious injury. 
Bad Vibrations-A handbook on Whole Body Vibrations exposing in Mining (2001) 
said that principle problems of seat design, suspension and maintenance are: 
 
a. Vehicle seat design varies and some seats are better designed for the 
machine and tasks than others 
b. Many seats lack basic design features such an adequate lumbar support 
c. Poor cab design or orientation may eliminate or reduce the benefits of good 
seating 
d. Lack of visibility or the need to see backwards may limit the benefits of a 
good seat 
e. Many seats are not maintained to designers specifications and are not 
replaced regularly 
f. Poor seat maintenance can contribute to rougher rides 
g. ‘Troop carrier’ style personnel transport often has poorly designed bench 
seats with no lateral stability 
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Figure 2.3: Transmissibility of dozer seat in the x-axis (front to back), y-axis (side to side) and 
the z-axis (up and down). The seat is amplifying vibration at frequencies where the curve is 
above the line transmissibility greater than 1.00). When the curve falls below the line 
transmissibility less than 1.00) the seat is reducing the vibration at these frequencies. 
 
(Sources: Bad Vibrations-A handbook on Whole Body Vibrations exposure in Mining, 2001) 
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McPhee et al. (2001) also had said that drivers of vehicles in rough environments 
are usually very tolerant of discomfort. However, the long-term damage that could be 
occurring may show up 10 to 20 years later and the individual makes no link with the 
exposures that may have contributed over time to the problems. Increased speeds 
accentuate ride roughness. There appears to be an optimum speed – neither too slow nor 
too fast – for different conditions. Drivers' skills and awareness of the conditions are 
important in establishing this optimum speed, especially when it is coupled with speed 
limits and safety requirements.  
 
Drivers need to be particularly careful when they are carrying passengers in rear 
seats. The ride in the back of a vehicle is usually much rougher than in the front, 
particularly if passengers are sitting behind the rear axles as they do in the typical 'troop 
carriers'. The term 'drive to conditions' tends to be meaningless if it has not been defined or 
described. In practical terms it does not provide enough guidance to operators and drivers 
in difficult or abnormal conditions. Drivers are expected to be 'sensible' but different people 
can interpret this differently. Less experienced drivers are particularly at risk in these 
situations, as many see no link between rough rides and back and neck injuries (McPhee et 
al., 2001). 
 
McPhee et al. (2001) said that human responses to whole-body vibration can be 
evaluated by two main standards which are the British Standard BS 6841 (BS 6841) (1987) 
and the International Standard 2631 (ISO 2631) (1997). The BS 6841 considers a frequency 
range of 0.5 to 80 Hz. This standard recommends measuring four axes of vibration on the 
seat (fore-aft, lateral, and vertical vibration on the seat surface as well as and fore-aft 
vibration at the backrest) and combining combines these them in an evaluation procedure 
that to assesses the vibration severity. The ISO 2631 suggests vibration measurements in 
the three translational axes on the seat pan, but only the axis with the greatest vibration is 
used to estimate vibration severity. 
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2.3 Noise 
 
 As said by Mohktar M et al. (2007), sound can be measured objectively but noise is 
a subjective phenomenon. Bridger as defined noise as a sound or sounds at such amplitude 
as to cause annoyance or interfere with communication. Kroemer et al. mentioned that 
noise was psychological and subjective feeling. Single, short tones of low intensity may be 
considered noise under certain conditions. In fact just as loud, lasting, complex sounds may 
be deemed noise under other circumstances. Any sound which is annoying or level of 
sound exceeds 75 dBA may be conceived as noise.  
 
The threshold for noise annoyance varies. It depends on the conditions, including 
the sensitivity and mental state of an individual. Generally, noise can create negative 
emotions, feeling of surprise, frustration, anger and fear. Noise also delay the onset of 
sleep, awaken a person from sleep or disturb someone’s rest and make it difficult to hear 
desirable sounds. The effects of noise may produce temporary or permanent alterations in 
body chemistry, and temporarily or permanently change one’s hearing capability too. These 
could also interfere with some human sensory and perceptual capabilities and thereby 
degrade the performance of a task (Mohktar M et al., 2007). 
 
Mokhtar M et al. (2007) also said that the level of noise necessary to produce 
adverse effects was greatly dependent upon the type of task. Simple tasks may remain 
unaffected at noise level as high as 115 dB or above, while more complex tasks may get 
disrupted even at much lower levels. In many studies, noise was found to degrade human 
performance. The performance of human being was adversely affected due to noise-
induced stresses.  
 
Office noise (such as speech), disrupted performance on office-related tasks that 
would require memory for prose and mental arithmetic whereas office noise without speech 
disrupted the performance only on mental arithmetic task. Smith cited that noise impaired 
performance on the focused attention task. Fu et al. explored that noise deteriorated the 
performance of subjects in vowel and consonant recognition task. Cho et al. stated that the 
